Introduction
Congenital hemophilia is a rare, chronic, inheritable bleeding disorder caused by the deficiency of clotting factors VIII (hemophilia A) or IX (hemophilia B), and over time may cause damage to the joints consequent to recurrent joint bleeding. 1 It is typically diagnosed at an early age based on family history or following spontaneous bleeding. 1 Males are predominantly affected due to X-linked inheritance, with females serving as carriers; however, females can also have symptomatically low levels of activity of clotting factors in the uncommon instance of lyonization of the normal X-chromosome (~3.2% of the patients with hemophilia). 2 The overall prevalence of hemophilia in the 3 with hemophilia A occurring more frequently than hemophilia B (~1 in 5,000 males vs ~1 in 30,000 males, respectively). 4 A total of 3,582 females with hemophilia were identified in the Centers for Disease Control and Prevention 2011 Universal Data Collection report. 2 Because of the rarity of hemophilia, obtaining data from large numbers of patients is a significant challenge, and therefore, data mining from large electronic health record (EHR) databases may be an effective strategy in obtaining useful information and new insights into the issues related to disease management. 5 The importance of data obtained from EHRs has been previously demonstrated in many health conditions, such as diabetes, 6 cancer, 7 obesity, 8 and cardiovascular disease. 9 In addition, EHRs have been helpful in extracting information from regular sources of secondary data, such as claims data. 10 The systematic structure of information contained in EHRs is highly favorable in the analysis of sequential information with regard to the symptoms and diagnoses of the disease, which can be further refined to stratify patients into subgroups describing patient characteristics, health care utilization, outcomes, prognosis, and interventions. [11] [12] [13] A common approach used to gather patient data from US or Canadian EHRs is to review the International Classification of Diseases, Ninth Revision (ICD-9) or its clinical modification (ICD-9-CM) codes entered into patient charts, which provides a standardized means of coding structured data about a patient population. This strategy may be especially valuable in cases of rare disorders, such as hemophilia, which is typically studied within the network of federally funded treatment centers through public health surveillance surveys. 10, 14, 15 An important advantage of EHRs over commonly used secondary data sources, such as claims databases, is that EHRs allow access to detailed information contained in chart notes, which is entered by physicians or staff as free text via typing, dictation, or transcription. 5, 11 Clinicians may prefer entering unstructured data within chart notes rather than in specific coding sections because of the flexibility to document nuances, 11 including detailed summaries regarding information of patient admission, diagnostic uncertainties, and treatment. 5, 13 Valuable information in the unstructured clinical narratives provides context that may not be captured in coded portions, 11 and therefore, computer applications based on natural language processing (NLP) have been developed to probe chart notes for relevant data and clinical concepts, by making use of keywords and phrases (or "attributes"). 5 To improve the accuracy of information extracted from chart notes, the meaning of key terms may be interpreted using an algorithm that recognizes the context in which the terms appear (or "sentiment") and also analyzes how the terms relate to each other and to the overall clinical concept. 16 This process then generates a list of signs, diseases, and symptoms associated with the study population that is suitable for loading into analytical tools or relational database systems. Use of NLP to analyze structured and unstructured information from EHRs, therefore, offers the potential to examine patient cases in totality, including laboratory testing and imaging studies, and to validate diagnoses within a study population.
The most important aim of studying EHRs is to generate real-world evidence with a practical clinical value 13 that may be of particular value in the context of rare and chronic disorders, such as hemophilia. Herein, we report data regarding the use of an EHR database to define a population of patients with congenital hemophilia A or B. Because of the intrinsic issues associated with obtaining data from EHRs, many challenges were encountered, supporting the need for more accurate coding processes.
Materials and methods
Patient data were sourced from Humedica's EHR database, which is a service offering access to anonymized information of nearly 30 million patients in the United States. Because no individually identifiable data were collected in the database or analyzed in this study, approval by an Institutional Review Board was not required. Data were collected between January 2007 and July 2013, with no specificity for baseline patient age. Patients were included if they received an ICD-9-CM diagnosis code of 286.0 (congenital factor VIII disorder, hemophilia A) or 286.1 (congenital factor IX disorder, hemophilia B), had EHR data extending at least 6 months prior to and 12 months after the first ICD-9-CM hemophilia diagnosis code identified in the database, were identified as receiving care within an integrated delivery network, and had chart notes after the initial diagnosis code that included the words "hemophilia" and "blood" or "bleed". Clinical meaning was derived from the chart notes using Humedica's NLP process and extracted as 3 separate categories: term (eg, "bleeding"), location (eg, "nasal"), and attribute (eg, "excessive") for further evaluation and interpretation. EHR data collected included patient gender, age at the time of receiving access to the database, additional ICD-9-CM 286 diagnosis codes, results of prothrombin time (PT) and activated partial thromboplastin time (aPTT) tests, prescriptions for hemophilia treatments, and the presence and location of pain as identified via NLP. To validate the diagnosis of hemophilia 
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Identification of congenital hemophilia using EHRs among patients identified using the defined set of inclusion and exclusion criteria, individual signs, diseases, and symptoms obtained via NLP keyword extracts were reviewed for 3 randomly chosen male and female patients each by 2 clinicians; all data regarding bleeding are summarized. Data were analyzed using descriptive statistics; categorical variables are presented as numbers and percentages.
Results
Inclusion criteria were specified to identify a population of individuals with an accurate diagnosis of congenital hemophilia (Figure 1 ). Initial patient selection based on an ICD-9-CM code of 286.* (indicating the broad category "coagulation defects") identified approximately equal numbers of males (n=7,913; 50.3%) and females (n=7,824; 49.7%), despite a predominant prevalence of X-linked hemophilia among males. The numbers of males (n=705; 56.3%) and females (n=547; 43.7%) were comparable even when we included only those patients whose first identified diagnosis code was for hemophilia A or hemophilia B.
After applying the remaining set of inclusion criteria, an analysis population comprising data of 129 males (78.7%) and 35 females (21.3%) was identified. The mean (±stan-dard deviation (SD)) age at the time of receiving access to the database (2014) was 40 (±25.1) years for males and 48 (±21.9) years for females. Some patients had additional 286.* diagnosis codes, which may reflect a refinement of the initial diagnosis over time or inconsistency of coding from different providers (eg, primary care, hematologist, or hospitalist) ( Table 1 ). More males than females had 1 or more additional 286.* codes (males, 87%; females, 74%). The most common additional 286.* diagnosis codes were for "other and unspecified coagulation defects" (286.9; males, 2%; females, 31%), "von Willebrand's disease" (286.4; males, 15%; females, 17%), "congenital deficiency of other clotting factors" (286.3; males, 9%; females, 23%), and "acquired coagulation factor deficiency" (286.7; males, 8%; females, 9%). Few patients had non-286 diagnosis codes for bleeding disorders. Glanzmann's thrombasthenia (qualitative platelet defect, 287.1) was diagnosed in 2% of males and 3% of females. No patients had reported diagnoses of systemic lupus or lupus erythematosus, which might be associated with an artifactual change in aPTT test results.
Overall, approximately half of the patients received a coagulation screening test such as PT and aPTT ( Figure 2 ). The availability of results of these tests was higher for females than males. Of the patients who had both PT and aPTT test results, only 56% of the males and 7% of the females had test results consistent with a diagnosis of congenital hemophilia (normal PT and prolonged aPTT).
Few patients had a prescription for hemophilia treatment ( Figure 3 ). The most common prescriptions for males were aminocaproic acid (eg, Amicar ® ; 10.8%) and coagulation factor VIII (FVIII; 9.0%), whereas the most common prescription for females was desmopressin, or DDAVP (Stimate , which would typically be expected to be coded as "coagulopathy due to anticoagulants" (289.7) rather than congenital hemophilia, was identified for 36% of males. Dosing information was not obtainable for this study, as few patient records included any data on dosing beyond a single treatment. Nearly all patients' chart notes included a reference to an NLP term for "pain" (males, 98%; females, 97%); among those that identified a pain location, the most common sites were the chest (male, 88%; female, 83%) and Male, n=3,885
Data 6 months prior to and 12 months after diagnosis
Female, n=547
Male, n=705
Initial ICD-9-CM diagnosis code of 286.0 or 286.1
Female, n=153
Male, n=255
Chart notes and inclusion in integrated delivery network
Female, n=35
Male, n=129 
case examples
Patient 1 was a 41-year-old female with approximately 2.5 years of chart note data. Her history included multiple instances of bleeding and easy bruising throughout the first 2 years of data, with symptoms including "substantial" and "excessive" bleeding, spontaneous bleeding from the nose, rectum, and bright red blood in the stool. Her last 1.5 years of chart note data included multiple mentions of FVIII deficiency ("mild" and "moderately; decrease") and hemophilia. Her records did not indicate any use of treatments for hemophilia. She received ICD-9-CM codes of 286.0 and 286.9. Overall, these data seem to indicate a case of symptomatic hemophilia A in a probably heterozygous female (carrier).
Patient 2 was a 33-year-old female with approximately 3 years of chart note data. She experienced at least 3 pregnancies during this period, of which 2 ended in miscarriage and 1 led to "delivery complications". Recurrent symptoms of bleeding were noted throughout her medical history, which included "unusual" and "abnormal" bleeding, "frequent" nose bleeding, internal bleeding, hematuria, and hematochezia. On the day of her delivery, she experienced "excessive" bleeding and "significant" "intra-abdominal" hemorrhage, and "acquired" FVIII deficiency was noted. Her chart notes included numerous additional mentions of "acquired" FVIII deficiency or "acquired" hemophilia, as well as "rare" blood disorder and "pregnancy-induced" blood disorder. She 
Note: ^Patients could have multiple diagnosis codes. 
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Wang et al received ICD-9-CM 286 codes of 286.0, 286.5, and 286.9. Together these data strongly suggest that this was a case of peri-partum acquired hemophilia rather than congenital hemophilia.
Patient 3 was a 78-year-old female with approximately 3.5 years of chart note data. Her history included multiple recurrent bruising and bleeding symptoms, including hematuria, hematochezia, mucosal bleeding, and gastrointestinal bleeding. She also experienced recurrent anemia and thrombocytopenia, potentially as a result of her chronic bleeding symptoms. Although her records did not indicate any use of hemophilia treatments, her chart notes included numerous mentions of "factor VIII inhibitor" associated with FVIII deficiency, coagulopathy, and bruising. She received ICD-9-CM 286 codes of 286.0, 286.5, 286.59, 286.7, and 286.9. Overall, these data seem to suggest that this is a case of acquired hemophilia rather than congenital hemophilia.
Patient 4 was a 69-year-old male with approximately 4 years of chart note data. His history included multiple instances of postoperative bleeding associated with hemarthrosis and a medial meniscus tear, and again with a perforated appendix and acute appendicitis. His chart notes included 4 mentions each of hemophilia A and hemophilia C (an alternate name for factor XI deficiency); 17 most often these diagnoses were mentioned on the same day. In most cases, hemophilia A was described as "mild". His chart notes also included a single mention of FIX deficiency (hemophilia B) and 2 mentions of FVIII deficiency (hemophilia A). He received ICD-9-CM 286 codes of 286.0 and 286.1 and received treatment with FVIII but not FIX. Together, these data are most consistent with a case of congenital hemophilia A due to the specific treatment with FVIII, which would have been ineffective in hemophilia B or C.
Patient 5 was a 57-year-old male with approximately 4 years of chart note data. His history included multiple mentions of hemophilia and FVIII deficiency, as well as chronic hepatitis C, bleeding, "recurrent" and "chronic" hemarthrosis, joint pain, and degenerative joint disease. He received ICD-9-CM 286 codes of 286.0 and 286.2 but had no indications of having received hemophilia treatment. Together these data suggest a case of moderate or severe hemophilia A; however, based upon symptoms and the presence of hepatitis C (implying prior exposure to plasma-derived factor products before viral inactivation steps were added to purification in 1988), the lack of treatment over 4 years is unexpected for an individual with severe hemophilia.
Patient 6 was a 76-year-old male with approximately 6.5 years of chart note data. He had multiple recurrent bleeding symptoms throughout, including frequent mention of "gastro-intestinal" bleeding, hematuria, and hematochezia. His chart notes also included 21 mentions of hemophilia, 16 mentions of factor V deficiency, 5 mentions of factor V Leiden deficiency, and a single mention of factor IV deficiency. He received ICD-9-CM 286 codes of 286.0, 286.3, and 286.9 but had no indications of having received hemophilia treatment. Ten aPTT scores were reported ranging from 83.9 s to 150.01 s; however, no PT scores were reported. Together these data suggest a case of factor VIII deficiency (286.0), V deficiency (coded under 286.3), or a rare case of a FVIII and FV inhibitor, given that factor V Leiden mutation is associated with thrombotic risk (not bleeding).
Discussion
In this study, a large EHR database was used and multiple inclusion/exclusion criteria were specified, in an attempt to identify a population of patients with congenital hemophilia A or B. Criteria required having an ICD-9-CM code of 286.0 (congenital factor VIII disorder) or 286.1 (congenital factor IX disorder) before any other 286 ICD-9-CM codes, as well as mention of "hemophilia" and "blood" or "bleed" within chart notes. In addition, NLP technology was used to derive clinical meaning from the context in which the terms were identified.
Despite stringent inclusion criteria and the incorporation of NLP, the population identified did not consistently reflect the known characteristics of congenital hemophilia. An unexpectedly high percentage of patients were female (21.3%), whereas only approximately 3.2% would be expected based on US epidemiological data. 2 In addition, even though the presence of multiple coagulopathies in an individual is uncommon, most patients (87% of males and 74% of females) had multiple "286" codes subsequent to the diagnosis of hemophilia. For patients who had PT and aPTT test results, only 7% of females and approximately half of males showed results consistent with a diagnosis of congenital or acquired hemophilia (normal PT and prolonged aPTT). However, data regarding laboratory testing may be affected by potentially low reporting from patients with congenital hemophilia whose EHRs correspond to ages beyond childhood, as individuals who were diagnosed during infancy or childhood would not be expected to undergo additional PT or aPTT testing in response to bleeding symptoms experienced later in life. Although aPTT results could have been normalized by hemophilia treatment (therapy that replaces the missing clotting factor), such treatment was not reported for any of the females who had normal laboratory values. In addition, 36%
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Identification of congenital hemophilia using EHRs of the males had a prescription for an anticoagulant, which would likely be avoided in most people with hemophilia and independently could account for the abnormal aPTT values. Evaluation of the section "Signs, Diseases and Symptoms" accompanying the broad NLP concept of "Pain" identified that the most frequent pain locations indicated were the chest and the abdomen. This contrasts with the typical pain locations among people with hemophilia, ie, a predominant presentation of joint pain; 18 however, the observed pattern of pain may have been influenced by patient age, in addition to hemophilia and other identified comorbidities. After a detailed review of physician notes of randomly selected patients from the study cohort (3 females and 3 males), strong evidence of them having congenital hemophilia was found in only 3 out of 6 cases; the remaining cases seemed to more closely resemble acquired hemophilia (2 females) or factor FVIII or V deficiency (1 male).
These findings highlight potential challenges in investigating EHRs and other sources of big data, 19 which may be encountered when investigating even relatively common disorders. For example, a review of chart notes from patients with type 2 diabetes found that, of those receiving an ICD-9-CM code, only 16% actually had type 2 diabetes. 11, 20 Because ICD-9-CM data are typically handled by a coder who enters codes based on the diagnostic labels assigned by the clinician and/or the pharmaceutical products used, the accuracy of information entered is frequently limited by multiple patient-and health care practitioner-related factors. Miscoding may also occur if a patient is not willing to provide information to the clinician or is unable to describe his/her symptoms. 19 Potential variability among clinicians in terminology used, as well as shortcomings in compiling information from patient examinations, may also affect data accuracy. 19 Additional sources of coding errors may include the coder's level of experience, the potential for transcription errors, facility-specific coding procedures, and poor legibility in handwritten notes transcribed into the EHR. 19 Importantly, even when the process is automated, errors associated with dictation using voice recognition software can occur due to the lack of punctuation, translation inaccuracies, and software editing oversights. 21 Specifying sufficiently large vocabularies to recognize relevant terms, abbreviations, and acronyms used in clinical documents can also limit capture and interpretation of complex data. 22 In some institutions, coding is required to be complete before the patient is discharged because of insurance billing requirements, and therefore, diagnostic codes may be entered based on incomplete information before a diagnosis is made. 11, 19 In cases of rare bleeding disorders, the variable language used to describe diagnoses, either during differential diagnosis or when confirmed through testing or consultation, may be confusing to hospital-based or primary-care-based coders or even some health care professionals. In addition, the descriptions in ICD-9-CM are often unclear (eg, extrinsic anticoagulants, circulating inhibitors, congenital hemophilia A-B-C vs acquired or autoimmune hemophilia).
Many physicians are resistant to using EHRs because they feel that technology interferes with their ability to properly care for patients or duplicates other treatment records maintained, and some are concerned that they are spending more time at the computer fulfilling administrative and billing requirements than interacting with patients. 23, 24 In a study, physicians reported that they spent 44% of their time in front of a computer and only 28% in direct patient care. 24 To save time, some physicians may use auto-population features of EHR software to avoid or minimally use chart notes, as evidenced by large blocks of replicated or identical text and long text strings in many notes. 23, 25 In a survey of physicians at 2 affiliated academic centers, 90% of the participants indicated that they used the copy/paste function in daily progress notes. 26 This method can introduce erroneous data or gaps in the medical records, and may have contributed to the over-identification of patients with congenital hemophilia in this study. 27 The difficulties encountered with data accuracy in EHRs may be particularly apparent when investigating rare diseases, as missing or inaccurate data can be problematic when sample sizes are small. 22 Another study that assessed hemophilia health system costs using records from the Department of Defense also encountered limitations associated with missing data; because of a lack of documentation for homecare management, analyses for treatment patterns yielded little information. 28 This lack of accurate home therapy data may be a significant challenge in the context of hemophilia, as home therapy often is either not captured or is recorded retrospectively, 29 resulting in an incomplete picture of hemophilia management. Currently, there are no regulatory requirements to evaluate the effectiveness and safety of EHR systems; 25 however, the American Medical Informatics Association has proposed guiding principles for clinical data capture and documentation to support efficient, reliable, and highquality acquisition of information for downstream uses such as policymaking, education, reimbursement, and research. 30 Despite these limitations, EHR data are a potentially valuable source of clinical information because of the wide range of patient data that can be obtained from a large population.
Dovepress
138
Wang et al
Further refinement of our analysis strategies will be critical in deriving greater value from this resource.
study limitations
Multiple limitations of this analysis may have contributed to the difficulties observed in identifying a population of patients with congenital hemophilia. Some limitations are inherent in the analysis of an EHR database, including the potential for ICD-9-CM coding errors, inconsistent coding practices, and other inconsistencies across patient data sources. The incorporation of useful data from chart notes may also be limited by variable chart use among physicians in addition to the potential errors in NLP translation. Finally, the rarity of hemophilia, confusion over descriptions provided to support ICD-9-CM, and lack of consistent diagnosis observed in this study may have contributed to the false identification of patients with hemophilia and limited our ability to characterize the hemophilia patient population.
Conclusion
NLP-based strategies toward incorporating information from chart notes are a potentially valuable approach to obtain clinically important patient data. However, in this study, patient numbers and their gender, ICD-9-CM codes, laboratory test results, prescriptions received, and sites of pain were not consistently aligned with a diagnosis of congenital hemophilia. The seemingly large number of false positive identifications, particularly among female patients, suggests that ICD-9-CM coding alone may be insufficient to identify patient cohorts. A multimodal strategy incorporating a thorough analysis of physician notes in addition to ICD-9-CM codes may be an important approach toward improving data collection, which may be particularly useful in the context of rare diseases. The quality of data from multicenter EHRs is highly dependent on the knowledge of individuals supporting data coding and entry; therefore, the rarer the disorder, the less likely it is for the coding staff to have relevant experience. This information highlights the need for increased focus and training of health care professionals and coders to improve the quality of EHRs to support the "big data" initiatives that hold much promise for helping to improve medical care.
